Although the microbial formation of a variety of polypeptides possessing antibiotic activities has been known for some time, the biosynthesis of these compounds has as yet received little attention. Not only is the mechatnism of formation of these biologically active compounds of interest in itself, but the biosyntheses of these polypeptides are potential systems for investigating the general problem of peptide bond formation. The synthesis of the polypeptide bacitracin appeared particularly interesting since this compound contains not only nine different a-peptide linkages, but also a thiazoline ring and two unusual peptide linkages involving in one case the c-amino group of lysine and in the other the 3-carboxyl group of aspartic acid. (Lockhart and Abraham, 1956; Lockhart, Abraham, and Newton, 1955; Hausmann, Weisiger, and Craig, 1955; Weisiger, Hausmann, and Craig, 1955) . As the initial step in the investigation of bacitracin synthesis, a study of the formation of this compound by washed cell suspensions of Bacillus licheniformis has been carried out.
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MATERIALS AND METHODS
The stock culture of B. licheniformis (ATCC 10716) was transferred monthly on nutrient agar which was incubated for 24 hr at 37 C and then stored in the refrigerator. The cells were grown in 5.0 ml of sterile medium containing 0.5 per cent peptone, 0.4 per cent yeast extract, and 0.3 per cent beef extract. After shaking at room temperature for 48 hr, 1 ml of the culture was transferred to 20 ml of sterile medium, pH 7.0, containing 0.5 per cent sodium lactate, 0.3 per cent yeast extract, 0.1 per cent dipotassium phosphate, 0.2 per cent soluble starch, 0.02 per cent magnesium sulfate, and 40 per cent soybean extract. The I This report is based on work supported by research grant E-978 from the National Institute of Allergy and Infectious Diseases, National Institutes of Health. soybean extract was prepared by stirring 100 g of soybean meal with 1000 ml of water at pH 7 to 8 for 60 min and centrifuging off the insoluble residue. After 48 hr of shaking at room temperature, the entire culture was added to 100 ml of the same medium and then aerated at room temperature for 40 to 42 hr. To avoid excessive foaming a few drops of Dow Corning Antifoam A were added. The cells were harvested by centrifugation, and then washed twice by resuspending in cold 0.85 per cent saline containing 1 X 10-3 M Versene and centrifuging. The final centrifugation was carried out in a Sorvall high speed centrifuge for 30 min at approximately 20,000 X g. The cultures of B. licheniformis contained 20 to 50 units of bacitracin per ml of medium at the time of harvesting, and yielded about 4 g of wet cells.
Staphylococcus aureus (ATCC 10537) was used as the test organism for the determination of bacitracin. This organism was transferred monthly to nutrient agar which was incubated 24 hr at 37 C, and then stored in the refrigerator. Bacitracin was assayed by the turbidimetric method of Darker et al. (1948) , using as a standard, bacitracin (Nutritional Biochemical Corporation) which contained 67 units per mg. The formation of bacitracin, unless noted otherwise, was carried out by incubating 40 mg of cells (wet weight) in a total volume of 1.0 ml, pH 7.0, at 35 C for 120 min. The incubation mixture contained 100 ,smoles potassium phosphate, 5 ,umoles magnesium sulfate; 2.5,umoles each of D-glutamic acid, L-lysine, L-histidine, L-leucine, L-isoleucine, L-cysteine, and D-phenylalanine; 5.0 j,moles each of DL-aspartic acid and DL-ornithine; and 10 ,umoles of glucose. Upon completion of the incubation, 4 volumes of 95 per cent ethanol were added. After standing 30 min, the insoluble material was removed by centrifugation, and the supernatant fluid was dried in a stream of air. The residue was taken up in 1.0 ml of water, and after centrifuging off any insoluble material, a suitable sample was taken for the assay of bacitracin. The antibiotic 552 Cincinnati, Ohio. In experiments in which the incorporation of radioactive amino acids into bacitracin was studied, the radioactive antibiotic was isolated by chromatography with the aid of carrier bacitracin. The chromatography was carried out either on carboxymethyl cellulose using pyridineacetate buffer, (Konigsberg and Craig, 1959) or an Amberlite IRC-50. In the latter case an aqueous solution of the material to be chromatographed was passed through a column (0.9 by 10 cm) of Amberlite IRC-50 which was buffered with 0.5 M citrate buffer, pH 5.5. After washing the column with 100 ml of 1.0 M citrate buffer, pH 5.5, the bacitracin was eluted with 0.5 M ammonium hydroxide. The elution was carried out at a flow rate of 4 ml per hour and the effluent was collected in 1-ml fractions. Samples for radioactivity determination were evaporated onto aluminum planchets and counted in a windowless gas flow counter. Standard corrections were made for self-absorption.
RESULTS AND DISCUSSION
The incubation of washed cells of B. licheniformis with amino acids results in the formation of material which inhibits the growth of S. aureus. Since extracts of cells broken by sonic disintegration or grinding with alumina are devoid of detectable antibiotic activity, it can be concluded that the results are due to actual synthesis during the incubation and not to the release of preformed antibiotic from the cells. The formation of the antibiotic material is markedly stimulated by the addition of soybean extract as is shown in table 1.
The stimulating activity of the soybean extract was found to be nondialyzable and to be associated with the globulin fraction obtained by isoelectric precipitation of the extract. Other proteins such as bovine serum albumin, bovine serum globulin, and casein do not stimulate antibiotic formation. The finding that the activity of the globulin fraction was increased and converted to a dialyzable form by the action of chymotrypsin, or pepsin has led to the preparation of a crude factor from soybean flour.
The globulin fraction from 1 liter of soybean extract was precipitated by adjusting the extract to pH 4.0 with 2.0 N HCI. The precipitate was collected by centrifugation and redissolved in the original volume at pH 8.0. After repeating the precipitation procedure, the resulting solution was treated with 200 mg of crystalline salt-free chymotrypsin at 35 C for 24 hr. The pH of the mixture was maintained at approximately 7.8 by the repeated additions of 1 N KOH. After autoclaving the mixture at 122 C for 15 min considerable inactive material was precipitated by adjusting the pH to 3.0. To the supernatant fluid obtained by centrifugation were added 5 volumes of 95 per cent ethanol and the insoluble material removed by centrifugation. The alcoholic solution was concentrated in a flash evaporator to a volume of 60 ml. The activities of the various fractions in stimulating antibiotic formation are shown in table 2.
In figure 1 is shown the relationship between the amount of antibiotic formed in the presence of the soybean factor and the time of incubation. The amount of antibiotic formed is approximately proportional to the amount of cells present. In table 3 is shown the effect of omitting various components from the incubation mixture.
The formation of antibiotic is stimulated by glucose, cysteine, isoleucine, and the soybean factor. The omission of amino acids other than cysteine and isoleucine does not appreciably decrease the amount of antibiotic formed. The stimulation appear to be du since neither t ethanolamine cai tion of 1 X 10 The soybean factor was incubated with carboxypeptidase in the presence of 0.1 M tris-(hydroxymethyl)aminomethane buffer, pH 7.5. At the end of the incubation period the mixtures were placed in a boiling water bath for 10 min. ed 4.0 mg of the soybean factor effective as cysteine. The effect of cysteine and tration of cysteine (0) either glutathione at lower concentration is shown in ne was replaced by various con-figure 2. In view of the greater effectiveness of lutathione (A).
cysteine at low concentrations, it may be suggested that the activity of glutathione is the result of the liberation of cysteine from the tripeptide. The effect of the soybean factor concentration is shown in figure 3 . sults in considerable inactivation of the factor. mg SOYBEAN FACTOR The most likely explanation for the stimulatory effect of soybean factor on anti-nature of the soybean factor appeared to be that n. The experimental conditions the factor was a peptide and that the peptide those given under Materials and was contributing one or more amino acids for various amounts of the soybean the synthesis of the antibiotic. If the contribuled.
tion was a single amino acid, the activity of the soybean factor could be explained on the basis provided by cysteine does not that this particular amino acid in the peptide Lie to a general sulfhydryl effect form might be protected from destructive side ;hioglycolic acid nor mercapto-reactions. On the other hand, if the contribution nreplacecysteine. At a concentra-was two or more amino acids, the possibility -3 M or higher, glutathione is as that the soybean factor was furnishing an inter- mediate for the synthesis of the antibiotic would seem likely. To test whether these possibilities could account for the activity of the soybean factor, the incorporation of various labeled amino acids into bacitracin was studied.
Parallel experiments were carried out in which individual amino acids were replaced by 5.0 ,umoles of the corresponding racemic C'4-labeled amino acid. At the end of the incubation period, 25 mg of carrier bacitracin (65 units/mg) dissolved in 4 ml of ethanol were added. After drying the alcoholic solution obtained by centrifugation, the residue was chromatographed. Parallel experiments were carried out in which the formation of antibiotic material was assayed microbiologically. In experiments in which the labeled amino acid was glutamic acid, aspartic acid, phenylalanine, or leucine, the chromatography was carried out on carboxymethyl cellulose. The chromatography on carboxymethyl cellulose separates bacitracin from the above amino acids. However, in the other experiments in which ornithine, histidine, and lipine were the labeled amino acids, separation of the labeled amino acid from bacitracin required chromatography on Amberlite IRC-50. In figure 4 are shown the elution patterns obtained in the experiments in which C14-glutamic acid and C'4-histidine were used.
As can be seen from the elution patterns there would be expected that the incorporation of the same C14-amino acid would be far less than the incorporation of other amino acids. The data in table 5 suggest that none of the amino acids tested is furnished by the soybean factor. The lower incorporation of glutamic acid and aspartic acid (bacitracin contains two aspartic acid residues) is probably the result of dilution. Since the omission of isoleucine or cysteine from the incubation mixture markedly reduced the amount of antibiotic formed, it would appear that the soybean factor is also not furnishing these amino acids. At present neither the nature of the soybean factor or its mode of action is known. The isolation and identification of the soybean factor is now in progress.
SUMMARY
The formation of bacitracin by washed cells of Bacillus licheniformis has been studied. Incubation of washed cells with amino acids results in the formation of an antibiotic which has been identified as bacitracin by means of microbiological assay and by isolation of biosynthetic bacitracin by chromatography. Under the conditions studied, the formation of bacitracin is markedly stimulated by isoleucine, cysteine, glucose, and an unknown soybean factor. The synthesis of bacitracin has been showvn to involve the incorporation of glutamic acid, aspartic acid, lysine, histidine, ornithine, leucine, and phenylalanine.
